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ABSTRACT 
  RELATIONSHIPS BETWEEN BEHAVIORAL MEASURES AND PRODUCTIVITY IN FINISHING 
BEEF CATTLE 
The relationship between measures of temperament, growth performance, and social 
hierarchy in finishing beef cattle were explored in two experiments. In experiment 1, 
high OCS (objective chute score) steers had periods of significantly higher ADG (P < 
0.01), but OCS had no relationship with dominance ranking (P  0.47). Conversely, slow 
exit velocity (EV) correlated with higher ranking (P ≤ 0.06), but EV had no relationship 
with performance (P  0.37) in a competitive environment. Rank showed no relationship 
with performance (P  .58). In experiment 2, steers with fast EV had periods of 
decreased growth (P ≤ .06), intake (P ≤ .06), and gain:feed (G:F; P = 0.02). There were no
interactions between EV, OCS, and monensin or between EV and monensin. Monensin 
and EV together, however, significantly impacted overall (days 0 – end) G:F (P = 0.02) 
and gain (P = 0.05). Overall, these studies further confirm the idea that EV affects 
performance as does OCS in concert with monensin. Moreover, it further confirms that 
different measures of temperament correlated to different aspects of performance and 
should not be lumped together under the general term “temperament” when 
describing its relationship with performance. 
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Chapter 1 
LITERATURE REVIEW 
INTRODUCTION 
In the cattle industry, producers are continually searching for ways to improve 
animal performance (growth, health, milk production, etc.). To this end, research into 
temperament has burgeoned as the link between temperament and performance 
solidifies. Studying temperament can be considered a study of both stress and animal 
behavior, and, in fact, temperament can be considered a trait that represents an 
animal’s response to stress. Thus, the impact of temperament is pervasive, affecting not 
only an animal’s performance but also their response to routine handling procedures, 
their immune system, reproduction, and concentration of blood proteins. While the 
exact mechanisms by which temperament influences physiological responses continue 
to be investigated, there remains no doubt that temperament will play an increasing 
role in the cattle industry, particularly selection and breeding. 
ANIMAL BEHAVIOR 
Many elements can affect animals’ feeding behavior. For example, the presence or 
activity of another animal can alter an animal’s behavior, with the stimulated behavior 
designated agonistic behavior. The social hierarchy also affects behavior, and its effects 
have been studied extensively by ethologists, researchers of animal behavior (Hughes 
and Duncan, 1988). 
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The social hierarchy in a herd of cattle is decided through interactions, typically 
threats and, occasionally, fighting. Threats involve aggressive posturing: head lowered, 
eyes directed towards the opponent, and possible pawing of the ground. The opponent 
may choose to flee, or it may decide to assume a threatening stance as well. The 
aggressor may then butt its opponent. Butting differs from fighting in that, with butting, 
there is no retaliation and the aggressor is the “winner” of that interaction. If neither 
animal retreats, however, a fight ensues inevitably ending with a winner and a loser. In 
this way, a social hierarchy develops (Schein and Fohrman, 1955). The hierarchy also 
shapes feed behavior, with dominant animals displacing subordinate animals from the 
feed area more often (Wierenga, 1990). It is important to note that the social hierarchy 
is not necessarily linear (A beats B, B beats C, A beats C). The relationships can also be 
intransitive (A beats B, B beats C, C beats A) (Chase et al., 2002). 
The formation of a social hierarchy can be likened to conditioning. Over time, the 
frequency of physical interactions decreases as a result of the animal’s association of 
non-physical cues, such as a change in posture, proximity, and avoidance, as signs of  
assertion or subordination. This is further evidenced by the fact that changes in group 
behavior occur sooner when calves have had previous social experience. Additionally, 
older, more experienced cattle form hierarchies much faster than younger groups, 
sometimes even doing so without physical contact. As the incidence of non-physical 
interactions increases, the social hierarchy begins to stabilize, until the group reaches a 
point at which the number of physical and non-physical interactions remains steady 
(Kondo and Hurnik, 1990). Many dominance relationships endure for years. However, 
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despite a stable social hierarchy, subordinate cattle will sometimes challenge or refuse 
to yield to dominant cattle (Wierenga, 1990). 
FACTORS INFLUENCING DOMINANCE 
Both innate and external factors affect an animal’s place in the hierarchy. 
Dominance is highly correlated to age and weight, with both correlating positively 
(Dickson et al., 1970; Mench et al., 1990). Breed also affects dominance, with Angus and 
crossbred cattle ranking higher than Herefords, for example. In addition to an animal’s 
characteristics, the environment influences the hierarchy. Dairy cattle housed in pens 
with barriers around the feed bunk or sleeping area (so that only one animal can occupy 
each space) display decreased aggressive behavior. With less maneuvering space, it is 
harder to threaten or displace another animal. Additionally, subordinate animals may 
not yield because they feel safer from threats (Wierenga, 1990). 
Dominance can also be influenced by resource availability and group size. When 
space or food is restricted, for example, dominance plays a larger role in which animals 
have priority access (Wierenga, 1990). Animals in high-density pens, in which agonistic 
encounters cannot be avoided, have difficulty memorizing the social status of all of their 
herdmates resulting in more aggressive encounters and lowered performance. In adult 
cattle, the frequency of agonistic encounters significantly correlates with group size, 
with interactions increasing as group size increases. Yet, agonistic encounters 
immediately decrease if the space allowance suddenly increases. These results, 
however, are not found with calves, further demonstrating the significant influence of 
age in hierarchies (Kondo et al., 1989). 
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THE EFFECT OF DOMINANCE 
The social hierarchy affects several aspects of performance, yet the extent of its 
effects remains unclear. For example, attempts to change status through fighting can 
lead to more injuries (Mench et al., 1990), but meat quality does not appear to be 
affected by dominance (Partida et al., 2007). Likewise, a study of young beef cattle by 
Stricklin and Gonyou (1981) found that, even with severely restricted feed access that 
only allowed one animal to eat at a time, dominance did not have a significant effect on 
amount of feed eaten or time spent eating. It did impact the time of day that animals 
ate, with lower ranking cattle eating primarily in the middle of the night. Still, neither 
bodyweight nor rates of gain differed. In contrast, a study by Partida et al. (2007) found 
that dominant Friesian bulls had higher average daily gains (ADG) than subordinate 
bulls, and other studies have found that, under competitive conditions, the DMI of the 
dominant cattle is higher than that of the submissive. This appears to depend on the 
type of feed, however, with dominance mattering less in groups of TMR fed cattle. 
Additionally, continuous access to food decreases the need for competition and the 
effect of dominance (Grant and Albright, 1995). 
While some effects of dominance remain unclear, others are more definite. For 
instance, dominant cows have been found to go into estrus sooner, and their behavioral 
manifestations of estrus affect how many other cows are in estrus (Orihuela, 2000). 
Additionally, the social stress of maintaining a hierarchy causes lasting effects (Mench et 
al., 1990). Compared to dominant pigs, subordinate pigs have a suppressed immune 
system when exposed to the same stressors (Trevisi and Bertoni, 2009). This suggests 
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that subordinate animals may be more sensitive to stress or that subordination may be 
a cause of stress itself. 
STRESS 
Stress can be defined as a state of mental or emotional strain resulting from adverse 
or demanding circumstances. It can also be defined as the inability of an animal to cope 
with or adapt to their environment and is provoked by stressors, which can be any 
threat as well as external or internal stimuli. In cattle, stressors trigger a signaling 
cascade that causes various physiological changes, starting with the activation of the 
sympathetic nervous system and the hypothalamic-pituitary-adrenal (HPA) axis in a 
concordant stress response (Figure 2.1). Upon activation, the HPA axis releases 
corticotrophin-releasing hormone (CRH) into the blood. CRH then travels to the pituitary 
gland where it causes the release of adrenocorticotrophic hormone (ACTH).  Finally, 
ACTH stimulates the adrenal synthesis and secretion of glucocorticoids, hormones that 
have an effect on everything from the immune system and metabolism to memory, 
attention span, and depression.  Glucocorticoid release is regulated by a negative 
feedback loop, which inhibits the hypothalamus and pituitary gland. Without 
provocation, the hypothalamus will still release CRH every 2 to 3 hours in a circadian 
fashion (Burdick et al., 2011). 
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Figure 1-1 Schematic representation of the physiological response to stress  
HPA axis: hypothalamic-pituitary-adrenal axis; SMS: sympathomedullary system; CRH: 
corticotrophin releasing hormone; VP: vasopressin; ACTH: adrenocorticotropic 
hormone; ACh: acetylcholine; NE: norepinephrine; EPI: epinephrine. (Burdick et al., 
2011) 
The concentration of blood cortisol, the primary glucocorticoid in most mammals, is 
often used as an indicator of stress. Cortisol levels seem to fall within three categories: 
(1) baseline, (2) levels in response to temporary stressors such as headgate restraint or 
rough handling, and (3) extreme stress. It is very difficult to present strict guidelines, 
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however, because the traits of the animal influence concentration of circulating cortisol. 
Sexually mature bulls, for example, have much lower cortisol levels than steers, cows, or 
heifers, and breed has an effect as well. As a rule, however, baseline concentration 
tends to sit between 0.5-9 ng/mL. Restraint in a headgate has produced levels ranging 
from 13 ng/mL in hand-reared Holstein cows to 63 ng/mL in Brahman x Hereford x 
Afrikander steers and heifers. Cortisol concentrations >70 ng/mL can be considered a 
sign of extreme stress (Grandin, 1997). For comparison, a high of 93 ng/mL was 
obtained by Dunn (1990) after inverting cattle on their backs for 103 seconds. 
Thus, cortisol may not be the most reliable indicator not only because the levels vary 
depending on the characteristics of the animal, but also because, even within one 
animal, it tends to fluctuate and does not increase with every type of stressor. 
Additionally, collecting blood samples to analyze cortisol concentrations can be a 
stressful situation, which can also result in a spike in cortisol (Möstl and Palme, 2002). 
However, cortisol takes times to reach peak values so concentrations in response to 
chronic stressors may not be affected (Grandin, 1997). Other methods of sample 
collection include using remote sampling devices as well as collecting noninvasive 
samples, such as urine and feces, (Möstl and Palme, 2002). Stressed dairy cows, for 
example, have higher levels of cortisol in their milk (Freestone and Lyte, 2010). A 
promising method of sample collection appears to be collecting feces, which can be 
collected without any stress to the animal.  The ability to extract cortisol from feces, 
however, depends on the animal, and the majority of glucocorticoids are excreted in the 
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urine. Additionally, a strict sampling regimen is necessary, or peaks may be missed 
(Möstl and Palme, 2002). 
Glucocorticoids disseminate through the circulatory system bound to carrier 
proteins such as albumin and globulin. Their effects depend on the amount of hormone 
secreted, the duration of secretion, the tissues reached, and the relative abundance of 
receptors. Glucocorticoids bind to mineralocorticoid and glucocorticoid receptors, 
endocrine nuclear receptors that can directly alter the transcription of certain genes 
(Burdick et al., 2011). 
In conjunction with the HPA axis, the sympathetic nervous system also mounts a 
stress response, emanating from the sympathomedullary system (SMS). Upon 
activation, the SMS, also known as the sympathetic adrenal medullary system (SAM), 
stimulates the release of norepinephrine from neurons in the brain and the 
postganglionic nerves that innervate peripheral organs (e.g. hearts, kidneys, etc.). 
Additionally, the SMS releases acetylcholine (ACh), causing the production and release 
of catecholamines, such as epinephrine and norepinephrine, from the adrenal medulla. 
Actions by the SMS can affect the cardiovascular, gastrointestinal (GI), renal, and 
respiratory systems. Norepinephrine, for example, triggers fear behavior and augments 
long-term memory storage in the hippocampus. Epinephrine release results in a 
decrease in neurovegetative activities (e.g. eating and sleeping) and further stimulation 
of the HPA axis. Just as the SMS can activate the HPA axis, so too can the HPA axis 
activate the SMS. In particular, CRH can stimulate neurons in the brainstem to secrete 
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norepinephrine, and glucocorticoids in sympathetic neurons can regulate the synthesis, 
uptake, and tissue content of norepinephrine (Burdick et al., 2011).  
THE EFFECTS OF CHRONIC STRESS 
Acute stress can be useful and is essential for adaptation to life’s daily challenges. It 
can sharpen the memory, enhance the immune system, and improve performance. If 
stress becomes chronic, however, this continued, heightened state can cause 
considerable damage to the body and the mind. This damage is called the allostatic load 
or overload (McEwen, 2004).  
Stress can be caused by many different circumstances and events, such as 
parturition, loud sounds, transport, unpleasant handling, overcrowding, expos ure to 
novel environments, and social isolation (Barnett et al., 1983; Trevisi and Bertoni, 2009; 
Freestone and Lyte, 2010). Cattle, in particular, are very sensitive to changes in their 
environment as well as interactions with their handlers and herdmates  (Freestone and 
Lyte, 2010). Ultimately, the cause of chronic stress can be narrowed down to four 
factors: (1) frequent stress, (2) failure to adapt to repeated stressors of the same nature, 
(3) the inability to shut down the stress response after the stress event has ended, and 
(4) an inadequate response by some allostatic systems, triggering overcompensation by 
other systems involved in the stress response (Trevisi and Bertoni, 2009). This allostatic 
overload can negatively affect many aspects of both performance and physiology.  
Stress results in elevated corticosteroids, causing an increased rate of 
gluconeogenesis. In gilts, chronic stress caused elevated levels of protein and glucose as 
well as significantly decreased levels of urea in the plasma (Barnett et al., 1983), while, 
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in cattle, stress has been shown to negatively impact feed intake and rumination 
(Freestone and Lyte, 2010). Additionally, glucocorticoids promote the catabolism of 
protein and lipids to produce energy, and, in terms of allostatic load, chronically 
elevated glucocorticoids can lead to insulin resistance and an increased risk of 
cardiovascular disease (McEwen, 2004). 
Chronic stress can also affect milk production, reproduction, and meat quality. Dairy 
cattle that have had negative handling experiences produce less milk, and, in general, 
stressed dairy cattle also lose more body reserves, produce poorer quality milk, and are 
less fertile (Trevisi and Bertoni, 2009; Freestone and Lyte, 2010). Electric prods, another 
stressor, have been shown to reduce reproductive function in cattle (Grandin, 1998b). 
Chronic stress inhibits oxytocin from stimulating PGF2α, affecting luteolysis and 
decreasing the ovulation rate while increasing the embryo mortality rate (Liptrap, 1993). 
Additionally, the stress of maintaining a social structure affects reproduction, with 
dominant cows coming into estrus sooner and for a longer duration, whereas chronically 
stressed cattle have higher ACTH and cortisol levels, which delay the onset of estrus 
(Von Borell et al., 2007). 
Stress-derived catecholamines greatly increase glycogenolysis, negatively impacting 
the ultimate pH, tenderness, color, and water-holding capacity of meat, which all 
depend on glycogen concentration. Normal muscle glycogen concentration is 75-120 
mmol/kg, and once it drops to 45-57 mmol/kg, the meat will not reach the normal 
ultimate pH of 5.5-5.6. Additionally, cattle placed in a lairage, an already stressful 
environment, near noisy surroundings exhibit more movement and have higher carcass 
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bruise scores. The time spent in the lairage also correlates with an increased incidence 
of dark cutters and decreased Longissimus glycogen concentration (Ferguson and 
Warner, 2008). 
Unlike acute stress, chronic stress not only suppresses the immune system,  but it 
also decreases future responses to acute stressors, with stressed animals generating a 
lesser response to immune challenges (Dhabhar and Mcewen, 1997; McEwen, 2004). In 
one feedlot, for example, quieter handling procedures significantly reduced death due 
to respiratory illness while, at another feedlot, quieter handling resulted in a reduction 
of toe abscesses by half (Grandin, 1998b). 
 Chronically stressed adult cattle, on the other hand, have a higher neutrophil to 
lymphocyte ratio (over one), which is in line with cattle suffering from inflammation and 
endotoxemia. Additionally, chronic glucocorticoid release can promote the release of 
acute-phase, proinflammatory cytokines (Trevisi and Bertoni, 2009). Glucocorticoids 
activate immune cells, which, when chronically activated, continually secrete 
proinflammatory cytokines. These cytokines then promote the release of more 
glucocorticoids, causing a positive feedback loop. During a prolonged, heightened state, 
activated immune cells could potentially lose the ability to recognize self and start to 
attack the body tissues; thus, to prevent this, immune cells downregulate during 
prolonged glucocorticoid release. Eventually, however, the cells become tolerant to 
glucocorticoids, preventing downregulation and leading to uncontrollable inflammation 
(Carroll and Forsberg, 2007). 
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Stress hormones also act as stimuli for bacteria to bind to the bovine gastrointestinal 
tissues and have been proven to increase the expression of bacterial adhesion proteins 
(Freestone and Lyte, 2010). Members of the catecholamine family of stress hormones 
have also been proven to be potent growth factors for pathogens such as Klebsiella 
pneumoniae, Listeria monocytogenes, Campylobacter jejuni, and Bordetella pertussis, 
and norepinephrine, a major stress hormone, has been proven to stimulate the growth 
of Bordetella bronchiseptica. This effect occurs because the catecholamines allow 
bacteria to steal iron from the usually inaccessible transferrin or lactoferrin. Moreover, 
catecholamines induce the production of the growth stimulator noradrenaline-induced 
autoinducer (NA-AI), which is heat stable, highly cross-reactive, and induces its own 
synthesis, allowing it to remain in the body encouraging bacterial growth long after the 
stress state has passed (Freestone and Lyte, 2010). 
Chronic stress has widespread consequences and, in addition to the immune system, 
affects many other aspects of physiology, such as blood pressure, memory, and 
nociception. Stress increases blood pressure, which allows adequate blood flow for a 
response to a stressful situation, but continual elevation of blood pressure can cause 
atherosclerotic plaques, which damage the artery walls (McEwen, 2004). Further, 
chronic stress causes hypertrophy of the amygdala and neurodegeneration of the 
hippocampus (McEwen, 1998, 2004) and accelerates many of the biological markers of 
aging in rats (McEwen, 1998). Finally, stress in cows activates the adrenocortical axis 
and changes the animal’s response to pain, with stressed cattle appearing to be 
hypoalgesic (Freestone and Lyte, 2010). 
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 TEMPERAMENT 
Chronic stress can also be caused by poor temperament. Temperament is the 
combination of mental, physical, and emotional traits of an animal–their natural 
predisposition. Traditionally, calm animals are considered to have a “good” 
temperament whereas lively or excitable cattle have a “poor” temperament (Sebastian 
et al., 2011). Temperament can also be defined as the fear response of cattle to humans 
or to novel or unfamiliar environments. This fear can be considered a type of stressor, 
and those animals with poor temperament may experience this fear more frequently. 
Thus, these animals are in a more constant state of stress, and, as has been repeatedly 
shown by studies in various animal models, chronic stress has drastic repercuss ions for 
the animal (Burdick et al., 2011). 
Animal handlers have known for a while that temperament has an effect on ease of 
handling (Grandin, 1993), but, as research advances, it has become clear that 
temperament has an impact on all aspects of cattle production. This includes growth, 
health, meat quality, and pregnancy rates (Burdick et al., 2011). 
MEASURING TEMPERAMENT 
There are several methods to measure temperament. The most common are chute 
scores (also known as crush score), pen score, and exit velocity. There are two types of 
chute scores (CSs), subjective and objective. A subjective chute score (SCS) is a rank 
measuring an animal’s response to restraint in a squeeze chute. A rater near the chute 
gives the animal a score based on a predefined scale.  The most commonly used scale is 
one described by Grandin (1993). The ratings are: (1) calm, no movement; (2) slightly 
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restless; (3) squirming, occasionally shaking the chute; (4) continuous, very vigorous 
movement and shaking of the chute; (5) rearing, twisting of the body, and violent 
struggling. 
Objective chute scores (OCS) are a form of chute score in which the weight variation 
of the scale is used as a measure of animal movement. In one study, OCS were recorded 
during the first 10 seconds after the head was caught in the squeeze chute. During this 
period, animals were restrained in the head catch but otherwise undisturbed. The scale 
head exported weights at 5 Hz, and OCS was determined as the coefficient of variation 
of the recorded weight values across the 10 second interval (Bruno, 2015). This is similar 
to temperament scores created using a movement measurement device (MMD).  The 
MMD is also connected to the scale and analyzes the electrical signal generated by the 
load cells, which is then used to calculate the amount of movement by the animal 
during a 1 min sampling period. Any movement of the animal as it stands on the scale 
causes the signal to fluctuate. The device measures the signal voltage 122 times per 
second and records a ‘peak’ every time a trend of 10 or more voltage changes in the 
same direction is reversed (Sebastian et al., 2011). 
Pen score, another common temperament measurement, is a subjective measure of 
temperament that gives animals a score on a scale from 1 to 5 depending on how they 
react to humans approaching them in their pen. Hammond et al. (1996) defined the 
different scores as follows: (1) nonaggressive (docile)— walks slowly, can approach 
closely, not excited by humans or facilities; (2) slightly aggressive—runs along fences, 
will stand in a corner if humans stay away, may pace the fence; (3) moderately 
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aggressive— runs along fences, head up and will run if humans move closer, stops 
before hitting gates and fences, avoids humans; (4) aggressive—runs, stays in the back 
of the group, head high and very aware of humans, may run into fences and gates even 
with some distance, will likely run into fences if alone in pen; and (5) very aggressive—
excited, runs into fences, runs over humans and anything else in path, “crazy.” 
Exit velocity (EV, also known as flight speed [FS]) is one of the most widely used 
methods of measuring temperament. Exit velocity is the speed at which a steer exits the 
squeeze chute and has repeatedly proven to be a reliable instrument for assessment of 
temperament on a given day as well as showing moderate repeatability across days. 
This technique uses infrared sensors to accurately measure the time it takes an animal 
to cross a predetermined distance, the standard being 1.7 meters. Animals with a low 
EV are considered calm (Burrow et al., 1988). 
Another measure of temperament similar to EV is exit score (ES), which scores 
temperament using the animal’s gait (e.g., walk, trot, run, or jump) while exiting the 
chute. This method, also referred to as a gait score, is considered an objective measure 
of temperament because different gaits are distinctive (Grandin, 1998a). Exit scores 
have been found to correlate to cannon bone thickness and width (Lanier and Grandin, 
2002). Additionally, Vetters (2013) determined that ES and EV have similar abilities to 
predict average daily gain (ADG) and can be used interchangeably as measures of 
temperament. 
There are other ways to measure temperament that are not as widely utilized 
because of newness or because of the excessive time, equipment, and/or labor 
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involved. Two examples are percentage of visible eye whites and flight distance. The 
percentage of visible eye whites can be used as an objective measurement of 
temperament and correlates more strongly to chute score than EV (Sandem et al., 2002; 
Core et al., 2009). To determine flight distance, an animal is allowed into a yard with an 
observer. The observer walks towards the animal, and the closest distance that the 
animal will tolerate (flight distance) is measured (Fordyce et al., 1982).  
Another, recently validated measure of temperament is the qualitative behavior 
assessment (QBA), which offers an integrated view of the animal’s behaviors and style 
of interaction with its environment. The QBA consists of twenty descriptors (active, 
relaxed, fearful, agitated, calm, content, indifferent, frustrated, friendly, bored, 
positively occupied, lively, inquisitive, irritable, uneasy, sociable, apathetic, happy, 
distressed) each used to score cattle behavior in their pens using a visual analog scale 
ranging from minimum to maximum, which is then analyzed using Principal Component 
Analysis (Andreasen et al., 2013). A condensed list of twelve descriptors (active, relaxed, 
fearful, agitated, calm, attentive, positively occupied, curious, irritated, apathetic, 
happy, and distressed) has also been developed for when animals are evaluated 
individually as well as to speed up the process (Sant’Anna and da Costa, 2013). Despite 
the fact that the QBA is a subjective measurement, significant consensus among 
observers has been reported. Further, the QBA has been found to be significantly 
correlated with core body temperature, heart rate, plasma glucose, the 
neutrophil:lymphocyte ratio, EV, and ADG (Stockman et al., 2011; Sant’Anna and da 
Costa, 2013). 
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THE EFFECT OF TEMPERAMENT ON PERFORMANCE 
While all of the different measurements of temperament do relate to one another, it 
is thought that the different scores measure different aspects of animal behavior, such 
as fear, reactivity, and docility (Sant’Anna and da Costa, 2013). They also correlate to 
different aspects of performance (Curley et al., 2006; Black et al., 2013). Temperament 
has been proven to have an effect on several measures of performance, such as average 
daily gain (ADG), dry matter intake (DMI), and feed efficiency (also known as the 
gain:feed ratio [G:F]), and animals with a poor temperament tend to have some 
combination of the following: lowered final body weight, lower ADG, lower G:F, and 
lowered DMI (Francisco et al., 2015). 
Temperament appears to have an effect on the HPA axis and SMS independent of 
breed, production system, and age (Cooke et al., 2012). Excitable animals have higher 
baseline cortisol concentrations, and EV and CS have been shown to correlate positively 
with cortisol concentration (Curley et al., 2006; King et al., 2006; Francisco et al., 2015). 
Additionally, high finishing chute scores correspond to higher baseline cortisol levels, 
with similar tendencies for backgrounding CS and EV. In response to CRH and ACTH 
challenges, however, the change in cortisol levels for temperamental cattle did not 
differ from that of calm cattle. Temperamental cattle had a reduced response to 
pharmacological stimulation of the pituitary and adrenal glands, suggesting that they 
have a dampened physiological response to acute stress (Curley et al., 2008; Cafe et al., 
2011a). 
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In addition to higher cortisol, excitable animals also have higher levels of 
epinephrine in response to transportation. Studies have shown that cortisol increases in 
response to environmental stressors such as noise whereas neurogenic stressors such as 
social isolation increase epinephrine (Curley et al., 2008; Burdick et al., 2010). Thus, 
poor temperament induces a response similar to that of a neuroendocrine stress 
response, which influences growth, the immune system, reproduction, and meat quality 
(Cooke et al., 2012). 
Both SCS and OCS have a negative correlation with ADG. Voisinet et al. (1997b) 
found that calm cattle put on an extra 76 (±29) g per day. Bruno (2015) found that 
animals with a high OCS tended to have a higher DMI, although differences in efficiency 
offset any potential influence on ADG in the absence of monensin.  Chute scores and EV 
are typically negatively correlated with feed efficiency and average daily gain (Muller 
and von Keyserlingk, 2006; Black et al., 2013), and EV and ES can be used to predict ADG 
(Vetters, 2013). Additionally, animals with faster EV have been found to have a lower 
body weight from backgrounding through finishing (Cafe et al., 2011b). 
Fearful cattle spend less time eating and more time looking for threats, particularly 
when in novel environments or the presence of a person with which they have had an 
aversive experience (Welp et al., 2004). Similarly, excitable cattle are more vigilant, and 
animals with increased average EV and CS have been found to have significant 
reductions in feed intake and eating time (Nkrumah et al., 2007; Cafe et al., 2011b) as 
well as tending to have a decreased G:F  (Cafe et al., 2011b). 
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Poor temperament is associated with chronic stress, which is immunosuppressive 
and can be detrimental to health (Dhabhar, 2002). Studies in mice have shown 
correlations between chronic stress and greater tumor formation, early death, 
development of neurodegenerative conditions, glucocorticoid resistance, and impaired 
wound healing. Studies have also shown that temperamental steers have lowered IgG 
and IgM as well as a decreased ability of isolated lymphocytes to propagate (Burdick et 
al., 2011). Temperamental bulls have been found to have higher rectal temperatures 
before and after transportation, which could be due to either higher baselines or a 
greater stress response to pre-transportation processing (Burdick et al., 2010). 
Temperamental cows also have higher haptoglobin levels as well as a higher rate of 
morbidity and injury (Fell L. R., 1999; Francisco et al., 2015) In one study, nervous cattle 
had greater circulating neutrophils 24 hours after transportation; however, calm cattle 
had higher levels of neutrophil L-selectin at 96 hours (Hulbert et al., 2011), which has 
been implicated in neutrophil binding, aggregation, rolling, and recruitment of 
neutrophils to inflammatory sites (von Andrian et al., 1993). The calm cattle also had 
greater oxidative burst, the release of reactive oxygen species as part of the 
antimicrobial repertoire of macrophages (Slauch, 2011), as well as neutrophil 
phagocytosis percentages 96 hours after transportation. This suggests that 
temperamental cattle have a more intense acute reaction to stress followed by 
immunosuppression (Hulbert et al., 2011). 
Poor temperament also adversely affects reproduction. The probability a cow will 
become pregnant with artificial insemination (AI) negatively correlates to temperament 
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as does the actual pregnancy rate (Cooke et al., 2009; Cooke et al., 2011; Kasimanickam 
et al., 2014b), and the approachability of cows directly correlates with their pregnancy 
rate to first artificial insemination (Von Borell et al., 2007). Docile cows also 
demonstrated estrus more often in the presence of an observer than excitable cows, 
suggesting that docile cows can better tolerate an observer. Thus, favorable 
temperament could have an impact on artificial insemination, possibly decreasing the 
need for teaser bulls or heat-mount paint (Burrow et al., 1988). In addition to improved 
AI, docile cows also have higher pregnancy rates and become pregnant sooner than 
excitable cows during natural breeding, with temperament evaluated using exit scores. 
Additionally, excitable cows have a decreased weaning rate and kilograms calf/cow 
exposed as well as higher pregnancy losses and higher cortisol levels, which suppress 
gonadotropin-releasing hormone and luteinizing hormone, proving detrimental to 
reproduction (Cooke et al., 2012; Kasimanickam et al., 2014a). 
Excitability has also been proven to negatively impact meat quality. Animals with 
increased average EV and CS were associated with significant reductions in carcass 
weight and objective measures of meat quality. Additionally, they have reductions in rib 
fat, pH, longissimus muscle (LLM) area, and other carcass characteristics (Cafe et al., 
2011b). Hall et al. (2011), however, found that animals with a higher EV had more LLM 
area, which is contrary to results from other studies. Additionally, chute score 
correlated positively with the pH obtained 36 hours after slaughter in the study by Hall 
et al. (2011) and King et al. (2006) found that the carcass of calm cattle reached ultimate 
pH sooner than that of excitable cattle. 
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Excitable cattle have been found to have more carcass bruising and less fat and 
marbling (Francisco et al., 2015). Additionally, EV has been found to have a positive 
correlation with Warner-Bratzler Shear (WBS) force, a measure of tenderness, with 
higher scores for tougher meat (Voisinet et al., 1997a; Hall et al., 2011). Finally, 
temperamental cattle more frequently exhibit borderline dark cutting, a sign of long-
term stress and glycogen depletion (Voisinet et al., 1997a). 
FACTORS AFFECTING TEMPERAMENT 
 Temperament can be affected by several factors such as previous experiences, 
genetics, and breed. Cattle can remember aversive and positive experiences for months 
and respond accordingly (Grandin, 1989, 1993). Sheep have been proven to respond to 
positive reinforcement, becoming easier to manage, and they recalled this training a 
year after it concluded. Conversely, sheep that were inverted, whether rewarded or not, 
were harder to handle, even a year after the event (Hutson, 1985). Additionally, pigs 
that had positive interactions with humans during their early life showed increased 
approach behavior to a stationary experimenter in a novel setting (Hemsworth et al., 
1986), and studies indicate that handling early in life and over long periods of time can 
improvement temperament in cattle (Burdick et al., 2011). 
As the ratio of animals to stockperson increases, contact between humans and 
calves becomes increasingly rare. Often, the only interactions animals have with humans 
occur during potentially aversive, routine handling such as ear tagging and dehorning, 
which can lead to poor temperament. Animals can, however, be habituated to non-
aversive procedures, reducing the stress response to handling. Hand-reared deer, for 
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example, had lower cortisol levels after restraint compared with free-range deer, even 
though they struggled just as violently (Grandin, 1997). Likewise, Limousin-crossbred 
calves touched gently in early life had significantly lowered WBS and avoidance distance 
as well as a tendency for lower baseline cortisol levels (Probst et al., 2012). The 
response to habituation is particularly effective when carried out during early life. How 
an animal is handled early in life affects its psychological response to stressors later in 
life (Grandin, 1997). So, it seems that early handling is one of the easiest ways to 
influence temperament and improve performance. Supportingly, Burrow and Dillon 
(1997) found that cattle that were handled often during early life had better 
temperament scores, higher carcass weights, and higher ADG during finishing; although, 
docile cattle still grew faster than temperamental cattle regardless of handling. 
Similarly, Cooke et al. (2012) found that intensive handling led to decreased EV scores as 
well as cortisol and haptoglobin levels. 
Measures of temperament are moderately heritable (Grandin, 1998b), with the 
average heritability of measures of temperament resting around 0.36 (Burrow, 2001). 
Nkrumah et al. (2007) found that EV has an estimated heritability, of 0.49. Progeny from 
bulls with a low EV tended to also have a lower EV compared to those sired by more 
excitable bulls (Burrow and Corbet, 1999). Additionally, the heritability of CS and EV can 
be affected by breed. Herefords, for example, have high heritability estimates of the 
traits whereas Limousins have the lowest estimates of heritability (Burrow, 2001). As 
such, selecting for favorable temperament when breeding could positively impact 
overall herd temperament. 
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Breed has a considerable effect on temperament, and different breeds have been 
proven to have different temperaments (Fordyce et al., 1982). Herefords tend to be 
more docile than Angus cattle (Tulloh, 1961), and Brahman cross cattle move around in 
a squeeze chute more than Shorthorns (Fordyce et al., 1988). Bos indicus cattle are also 
deemed excitable more often than Bos taurus (Piovezan et al., 2013), and B. indicus-B. 
taurus breed crosses are more difficult to handle compared to pure B. taurus (Tulloh, 
1961; Voisinet et al., 1997b). 
In addition to the aforementioned factors, several other elements influence an 
animal’s temperament. Drenching to control worms significantly affects temperament, 
with drenched cattle having lower EV scores (Burrow and Corbet, 1999). The design of 
the facility can also significantly impact temperament scores (Kasimanickam et al., 
2014b), and socialization of cows and calves affects temperament, behavior, and growth 
of the calves (Burdick et al., 2011). Additionally, temperamental cattle exhibit more 
sensitivity to stimuli such as rapid movement and high-pitched sounds. This suggests 
that lively cattle seem to be more aware of their surroundings than their calmer 
counterparts (Grandin, 1998a). 
Sex has been noted to affect EV, with heifers presenting a worse temperament 
(Voisinet et al., 1997b; Cafe et al., 2011b). Conflicting results have been found, however, 
with some studies finding no significant effect of sex. Voisinet et al. (1997b) 
hypothesized that breed has an effect and that sex effects may only appear in B. indicus 
and B. indicus crosses. 
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EV has been noted to change over time, and scoring earlier in the animal’s life 
increases accuracy (Curley et al., 2006; Kasimanickam et al., 2014a; Francisco et al., 
2015). Burrow and Corbet (1999) found that year of birth significantly affected EV at all 
ages. Temperament scores change with age, from weaning to finishing, and correlate 
with different measures of productivity. For example, Behrends et al. (2009) found that 
the EV measured during entry into the feedlot significantly correlated with feedlot ADG 
whereas the EV measured at weaning correlated significantly to USDA yield grade, rib 
eye area, and WBS. However, there is some thought that the change in temperament 
scores is due to acclimation in handling and that this change may not actually correlate 
to changes in productivity. So, measurements made before habituation to handling, 
while the chute experience is still novel, may be the best indicator of future 
performance (Grandin, 1998a; Behrends et al., 2009).  
MONENSIN 
Monensin, an antibiotic and carboxylic ionophore isolated from Streptomyces 
cinnamonensis, is one of the most widely used antibiotics in the cattle industry. It is 
used to prevent coccidiosis and bloat and to enhance feed efficiency. Coccidiosis, a 
parasitic disease characterized by diarrhea and weight loss, is caused by coccidian 
protozoa and mainly affects calves. Depending on the severity, cattle infected with 
coccidiosis may require longer feeding periods, increasing costs for producers. 
Monensin, however, has been proven by several studies to be an effective coccidiostat, 
reducing the severity of the symptoms and the incidence of the disease (Parker et al., 
1986; Stromberg et al., 1986). 
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Monensin use also reduces the incidence and severity of bloat (Paisley and Horn, 
1998) and lactic acidosis. Lactic acidosis, a lethal condition characterized by low blood 
pH, reflects changes in the pH of the rumen, namely, an accumulation of lactic acid 
produced by rumen microbes. Monensin decreases the population of lactic acid-
producing bacteria, including the major producers, Streptococcus bovis and Lactobacillus 
spp., but does not affect the lactate-utilizing bacterial population (Goodrich et al., 1984). 
Additionally, monensin changes the eating behavior of cattle, which may help reduce 
the incidence of acidosis because one causative factor is variable eating habits. Under-
eating one day and then overeating the next can precipitate acidosis, but, monensin 
decreases this variability, possibly reducing acidosis-causing behavior (McGuffey et al., 
2001). 
The main use of monensin, however, is to improve performance in cattle. Monensin 
causes a shift in end products from lactate to VFAs, which is associated with improved 
cell yield (Russell and Strobel, 1989). As an ionophore and antiporter, monensin 
attaches to bacteria, protozoa, and fungi, modifying the movement of ions across 
biological membranes. Monensin has a high affinity for Na+ but also transports K+, and 
treatment with monensin increases intracellular Na+ while decreasing intracellular K+, a 
reversal of the ions’ normal gradients. For certain microbes, particularly Gram-positive 
bacteria, this ion gradient reversal can prove to be fatal. The cells must begin to actively 
transport ions to reverse the effects of monensin, decreasing their energy resources and 
their ability to maintain a normal metabolism. With their death comes a shift in the 
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rumen microbial ecology and digestion that effectively increases energy-yield for the 
host (Schelling, 1984; Russell and Strobel, 1989).   
This ecological restructuring increases the proportion of propionate produced during 
fermentation while decreasing butyrate and acetate in a dose-dependent manner 
(Potter et al., 1976; Richardson et al., 1976). In a study by Perry et al. (1976), growing-
finishing beef steers fed monensin had a 76% increase in propionic acid, which improved 
cattle performance because it can be converted to energy more efficiently than the 
other volatile fatty acids (VFAs; also known as short-chain fatty acids, SCFAs) (Annison et 
al., 1963). Thus, monensin improves feed efficiency whether on pasture or a high 
concentrate diet (Potter et al., 1976; Raun et al., 1976) by decreasing intake while 
allowing the same rate of gain (Oliver, 1975; Perry et al., 1976; Potter et al., 1976).  
Taken altogether, it appears as if poor temperament can be connected to the stress 
response and considered a source of considerable productivity loss. Considering 
temperament’s connection to the fear response, it is also possible that it relates to 
dominance. It stands to reason that submissive cattle would also be more fearful; 
however, this conjecture has yet to be proven. Another hypothesis that has not been 
proven is the connection between the gut microbiota and temperament. In addition to 
looking at temperament through the lens of stress, it can also be considered in terms of 
animal behavior. The microbiota has been proven to affect behavior in several species, 
but the connection does not seem to have been explored in cattle. Therefore, studying 
both dominance and the microbiota could provide useful insights into the inner 
workings of temperament, and, altogether, be helpful in optimizing beef production.  
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Chapter 2 
RELATIONSHIP BETWEEN QUANTITATIVE MEASURES OF TEMPERAMENT AND 
OBSERVATIONAL BEHAVIORS IN FINISHING CATTLE 
INTRODUCTION 
Cattle producers are continually searching for ways to improve animal performance 
(growth, health, milk production, etc.). To this end, research into temperament has 
burgeoned as the link between temperament and performance solidifies. While the 
exact mechanisms by which temperament influences physiological responses continue 
to be investigated, there remains no doubt that temperament will play an increasing 
role in the cattle industry, particularly selection and breeding. 
Temperament can be defined as the fear response of cattle to humans or to novel or 
unfamiliar environments (Burdick et al., 2011). This fear can be considered a type of 
stressor, and those animals with poor temperament may experience this fear more 
frequently. Thus, these animals are in a more constant state of stress, and, as has been 
repeatedly shown by studies in various animal models, chronic stress has drastic 
repercussions for the animal (Burdick et al., 2011). 
There are several methods to measure temperament. The most common are chute 
scores (also known as crush score), pen score, and exit velocity. The measurements 
relate to different aspects of performance (Curley et al., 2006; Black et al., 2013). 
Measures of temperament have been related to several measures of performance, such 
as average daily gain (ADG), dry matter intake (DMI), and feed efficiency (also known as 
the gain:feed ratio [G:F]), and animals with a poor temperament tend to have some 
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combination of the following: lowered final body weight, lower ADG, lower G:F, and 
lowered DMI (Francisco et al., 2015). 
Studying temperament can also be considered a study of animal behavior, as it is a 
measure of an animal’s reaction to certain situations. One factor that reflects an 
animal’s behavior is the social hierarchy (Hughes and Duncan, 1988). Both innate and 
external factors affect an animal’s place in the hierarchy. Dominance is highly and 
positively correlated with age and weight (Dickson et al., 1970; Mench et al., 1990). 
Dominance can also be influenced by resource availability and group size. When space 
or food is restricted, for instance, dominance plays a larger role in which animals have 
priority access (Wierenga, 1990).  
The hierarchy in a herd of cattle is decided through interactions, typically threats 
and, occasionally, fighting (Schein and Fohrman, 1955). The formation of a social 
hierarchy can be likened to conditioning, with acts of domination considered negative 
experiences. Over time, the frequency of physical interactions decreases as a result of 
the animal’s association of non-physical cues, such as a change in posture, proximity, 
and avoidance, as signs of assertion or subordination. This is because cattle can 
remember aversive and positive experiences for months and respond accordingly 
(Grandin, 1989, 1993). This response to experiences also affects temperament, which 
has been proven to be changed depending on experiences (Burdick et al., 2011). Thus, it 
seems possible that the positive and negative experiences due to the social hierarchy 
might also affect temperament. Conversely, an animal’s behavior and natural 
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disposition can affect their position in the social hierarchy. Animals that are more 
fearful, for example, are lower in the hierarchy (Boissy and Bouissou, 1994). 
In order to further determine the relationship between temperament and 
dominance, we explore the relationships between a standard measure of temperament, 
exit velocity (EV) along with a fairly novel measure of temperament, objective chute 
score (OCS), and dominance rank in small groups of confined finishing cattle. 
Additionally, the relationship between measures of dominance and performance is 
explored. 
MATERIALS AND METHODS 
Animals and Treatments. All procedures were approved by the University of Kentucky 
Institutional Animal Care and Use Committee. Thirty-two mixed breed beef steers (380 ± 
8.9 kg) in eight pens (4 steers/pen) were used in a randomized complete block design 
with a 2 x 2 factorial treatment structure, using pen as the blocking factor. Steers were 
purchased from central Kentucky livestock auctions by an order buyer and housed at the 
C. Oran Little Beef Research Unit in Woodford County, KY. Steers were comprised of 
several mixed breed B. taurus.  Steers used in this experiment were selected from a 
larger group (n = 228), the remainder of which were used in a companion study.  Steers 
used in this study represented the third lightest of six weight groups that were 
established from the larger group, thus providing a high degree of uniformity in weight. 
Since weight plays a large role in dominance, having animals of similar weights 
minimized the role of this factor. 
Within 48 h of arrival, cattle were weighed, ear tagged for individual identification, 
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vaccinated, and temperament measures were obtained for treatment assignment. 
Routine processing (day 0 except where indicated) included: 1) ear tag placement for 
unique animal ID number (at arrival), 2) viral and bacterial vaccinations (Bovi -Shield Gold 
5, Zoetis, Florham Park, NJ; Once PMH, Merck Animal Health, Summit, NJ; Somubac, 
Zoetis; Ultrachoice 7, Zoetis), and 3) an injection of de-wormer (Dectomax, Zoetis). 
Cattle were reimmunized on d 14 with Ultrachoice® 7 and Somubac®. 
Two temperament measures were obtained on each animal: 1) objective chute 
score (Bruno, 2015) and 2) exit velocity (Burrow et al., 1988). Objective chute score 
(OCS) is a form of chute score in which the weight variation of the scale is used as a 
measure of animal movement. These scores were measured as described by Bruno 
(2015). Each animal’s weight was calculated as the average of weights measured at 200 
ms intervals during the most stable two-second interval subsequent to squeeze being 
applied. Upon release from the chute, flight time was measured over 1.68 m using an 
infrared sensor (FarmTek Inc., North Wylie, TX) and converted to exit velocity (m/s). 
Treatments included two levels of exit velocity (fast or slow) and two levels of OCS 
(high or low) arranged in a 2 x 2 factorial. Temperament treatments were established 
based on the exit velocity and OCS measured on each animal during its first exposure to 
the handling facility. Steers were assigned to pens such that each pen had a single 
animal from each of the temperament treatments (fast-high, fast-low, slow-high, or 
slow-low). The experimental unit was animal, consisting of 32 animals total and 8 
animals per treatment. 
Because two of the treatment factors were inherent characteristics of the animals 
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(as contrasted with exogenously applied treatments), the ability to divide the animals 
into these treatment groups depended on the independence of and the relationships 
between the distributions of the treatment variables. Thus, prior to developing an 
allotment strategy a comparison of the distributions of the treatment variables was 
performed as described by Bruno (2015) (Figure 2-1). 
Figure 2-1 Treatment distributions for EV and OCS. 
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Steers were assigned randomly to pens (blocks) within treatment. Steers were 
housed in 2.44 by 14.63 m pens within a three-sided, concrete floored barn. Each pen 
had 2.44 linear meters of bunk along the fence line (0.61 m bunk space per animal). 
Pens were scraped clean and bedded with sawdust routinely.  
Diets. All animals were transitioned over 18 days from a high forage diet to a high 
concentrate diet (Table 2-1). Diets were formulated to meet nutrient requirements for 
1.9 kg/d gain. Each pen was fed a corn silage-based total mixed ration (TMR; Table 2-2) 
once daily at approximately 0700 h to provide 2.25% of BW (DM). The diet was prepared 
daily and adjusted weekly to maintain targeted levels of intake. In addition to feeding 
restricted amounts, competition was encouraged by providing the daily feed allotment 
for each pen in a single pile in the center of the feed bunk. Ingredient dry matters were 
determined once weekly by drying samples for 24 hours in a forced air oven (100 ̊C, 
Model 1690, VWR Scientific Products, Corneilius, OR, USA) and rations were adjusted 
accordingly. Steers had free access to water; adjacent pens shared a water source.  
Table 2-1 Finishing diet transition schedule 
Step % Concentrate NEg (Mcal/kg DM) Day 
1 35 1.10 1 
2 50 1.17 3 
3 65 1.26 10 
Final 90 1.39 18 
 
Once weekly, bunks were checked for feed refusals.  
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Table 2-2 Diet Composition 
Feedstuff % of Diet, DM-basis 
Cracked Corn 27.5 
High Moisture Corn 27.5 
Dried Distillers Grains 25.0 
Corn Silage 10.0 
Supplement 10.0 
– Tylan-40 0.40 
– Vitamin ADE Premix1 0.71 
– Urea 11.72 
–Trace Mineral Premix2 16.31 
–Limestone 62.61 
–Choice White Grease 8.24 
1 Trace mineralized salt provided 92.9% salt, 68 ppm Co, 1838 
ppm Cu, 120 ppm I, 9290 ppm Mn, 19 ppm Se, and 5520 ppm Zn.
2Vitamin premix supplied 1820 IU/kg Vitamin A, 363 IU/kg Vitamin 
D, and 227 IU/kg Vitamin E. 
Animals were not withheld from feed or water prior to weighing, although weights 
were obtained prior to feeding. Animal weights were recorded on d 1, 14, 28, 56, 90, 
118, and 119, the last day of the experiment. An average of the d 118 and 119 weights 
was used as the final body weight. Exit velocity and OCS were collected on d 1, 14, 28, 
56, 90, 118, and 119. 
Growth Performance. Performance measures were collected for four periods: d 1 to 28, 
28 to 56, 56 to 90, and 90 to 119. Average daily gain (ADG) was calculated for each 
animal as the total body weight gain per period divided by the total number of days per 
period and over the course of the experiment. 
Dominance measures. Steers were recorded 24 hours a day, seven days a week for the 
duration of the study starting on d 0. All cattle were monitored by one of 4 video 
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cameras: three fixed network and one pan/tilt/zoom (PTZ) network camera (Axis 
Communications; Chelmsford, MA). These were used to collect video recordings for 
behavioral observations. Video footage was stored on a local server (HP Proliant DL160 
G6, Hewlett-Packard, Palo Alto, CA). Video was recorded 24 hours/day for the duration 
of the study period. Videos were accessed for viewing using Axis software. (Axis Camera 
software, Chelmsford, MA). 
Table 2-3 Behaviors and social interaction examples that define dominance indices 
Dominant Social Behaviors Category Definition 
Butting Contact 
An animal uses head to head, 
head to neck, or head to flank 
contact to displace another 
animal from the feed area 
Pushing Contact 
An animal forcefully enters the 
feed area and displaces another 
animal from the feed area 
Threatening No Contact 
An animal takes up a threatening 
posture by presenting the head 
in the direction of the recipient 
animal, no contact occurs 
Defending Contact 
An animal uses physical contact 
to push the recipient animal to 
the back wall of the pen and 
keeps threatening posture to 
ensure animal stays there 
Mounting Contact 
An animal mounts another 
recipient animal and forces the 
recipient animal away from the 
feed area 
Footage covering the 2 h time period beginning with feed delivery each day from d 1 
to d 14 was used to quantify social interactions and feeding behavior. This time interval 
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was chosen because feeding time is when cattle are most socially active and earlier 
work suggested that 2-hour intervals should be adequate to identify dominance 
hierarchies (Kondo and Hurnik, 1990). Additionally, activity levels tend to drop off 
substantially after feed delivery (Bruno, 2015). One observer scored animals for the 
duration of observations. Animals were scored based on dyad interactions listed in 
Table 2-3 adapted from MacKay et al. (2013). Using these interactions, each animal was 
given an average dominance index (ADI) and David’s score (DS) as described by Bruno 
(2015). Briefly, the average dominance index is the average percentage with which an 
individual wins in interactions with each of its group members. The David’s Score is a 
weighted version of the ADI whereby the relative success is weighted by the power of 
the opponent (Hemelrijk et al., 2005). So, for example, if steer A is very dominant and 
wins most of its matches while steer B is subordinate and loses most interactions, steer 
A will be given less credit for beating steer B than for a ‘success’ against a more 
dominant steer. Using the dominance scores, each of the four animals in each pen was 
given a rank from 1 to 4 depending on their score, with 1 being the highest scorer and 
most dominant animal. 
Statistical Analysis. A distribution analysis was conducted for each variable in JMP 10 
(SAS, Inc., Carey, NC, USA). No outlier data points were found using a criterion of greater 
than 1.5 times the interquartile range below the first quartile, or above the third 
quartile. Data were analyzed using animal as the experimental unit. All performance 
data and dominance rank were analyzed using the GLM procedure of SAS (SAS, Inc., 
Carey, NC, USA). The model statement included pen as a blocking factor and main 
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effects of EV and OCS, and their interaction. To assess the relationship between 
dominance rank and growth performance, a separated model was used which included 
rank as the main effect with pen included as a block. Main effects and interactions were 
considered significant at P < 0.10. 
RESULTS 
Most pens had less than 3% in feed refusals each week (Table 2-4). One pen (pen 
113) did have substantial feed refusals for most weeks during the latter half of the 
experiment. Health records did not reveal any individual animals within that pen that 
would have been the cause for these feed refusals. Nonetheless, all response variables 
were analyzed both with and without this pen included, and results from those 
statistical analyses were similar in their overall findings of significance. Thus, results 
reported here include all pens. 
Table 2-4 Feed refusals per week 
Pen 
Week 111 112 113 114 115 116 117 118 
1&2 - - - - - - - - 
3 - - - - - - - - 
4 - - - - - - - - 
5 - - 24% 4.7% 9.7% 4.4% - - 
6 - - - - - - - - 
7 - - - - - - - - 
8 - - 3.2% - - - - - 
9 - - 20% - - - - - 
10 - - 3.8% - - - - - 
11 - - 6.8% - - - - - 
12 - - 22% - - - - - 
13 6.7% - 49% 8.3% - 7.1% - 22% 
14 5.5% - 49% - - - - 6.1% 
15 - - 22% 4.9% - - - - 
16 - - 21% 19% - - - 4.8% 
17 - - 33% - - - - 3.8% 
1: Refusals less than 3% of offered feed 
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There were no significant interactions between EV and OCS (P   0.3). 
Exit velocity had no effect on performance whereas objective chute score 
significantly impacted gain and final weight (Table 2-5). Fast EV was associated with 
lower ADI (P = 0.05) and DS (P = 0.06). The low OCS group had a significantly higher final 
weight (P = 0.03) whereas EV had no effect on the final weight (P = 0.23). Animals with a 
low OCS also had significantly higher rates of gain (P = 0.04) over the course of the 
experiment. Gains across the 119 day experiment were, on average, 0.20 kg/d higher for 
low OCS animals compared with high OCS animals.  
Table 2-5 The effect of temperament on performance and dominance score. 
      OCS1   EV2   
SEM 
  P-Values 
      High Low   Fast Slow     OCS EV 
Average Final Weight (kg) 600 624  606 618  7.1  0.028 0.229 
Average Daily Gain (kg/d)           
Days 0 – 28  1.03 1.25  1.11 1.17  0.09  0.093 0.639 
 0 – 56  1.65 1.72  1.68 1.69  0.06  0.434 0.951 
 0 – 91  1.74 1.88  1.83 1.79  0.06  0.142 0.636 
 0 – 119  1.72 1.92  1.85 1.80  0.06  0.036 0.586 
 28 – 56  2.26 2.18  2.25 2.20  0.11  0.601 0.747 
 56 – 91  1.89 2.13  2.07 1.95  0.09  0.084 0.369 
 91 – 119  1.67 2.06  1.90 1.84  0.11  0.025 0.681 
Average Dominance 
Index  0.46 0.53  0.41 0.58  0.06  0.424 0.047 
David Score   -0.35 0.35   -0.96 0.96   0.67   0.469 0.057 
1 OCS (Objective Chute Score) = the coefficient of variation of 50 recorded weight values 
across a 10 s interval while the animal is restrained by the head in a chute. 2 EV (Exit 
Velocity) = time taken for steers to travel 1.68m upon exiting the chute.  
 
Objective chute score had no effect on dominance scores (P   0.42) whereas exit 
velocity was significantly related to both David’s score (DS) and the Average 
Dominance Index (ADI) (Table 2-5).  Exit velocity had a significant effect on DS (P = 0.06) 
and ADI (P = 0.05) with slow EV animals ranking higher than fast EV animals.  
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Dominance rank had no impact on growth (P   0.58) or final weight ( P = 0.98; 
Table 2-6).  
 Table 2-6 The effect of dominance ranking on performance. 
      Rank   
SEM 
  
P-Value 
      1 2 3 4     
Average Final Weight (kg)  615 611 611 609  11.6  0.984 
Average Daily Gain (kg/d)          
Days 0 – 28  1.18 1.27 1.11 1.01  0.132  0.579 
 0 – 56  1.67 1.73 1.73 1.60  0.088  0.680 
 0 – 91  1.80 1.87 1.79 1.76  0.093  0.879 
 0 – 119  1.80 1.87 1.80 1.82  0.098  0.960 
 28 – 56  2.15 2.20 2.35 2.19  0.147  0.779 
 56 – 91  2.03 2.09 1.90 2.03  0.145  0.811 
  91 – 119   1.80 1.86 1.81 2.00   0.182   0.849 
DISCUSSION 
Exit velocity had no effect on performance whereas objective chute score was 
related to gain and final weight. Exit velocity had no significant effects on gain or the 
average final weight. This is unusual, as most studies find a negative correlation 
between EV and both ADG and weight (Muller and von Keyserlingk, 2006; Black et al., 
2013). These animals, however, were feed restricted to create competition (Wierenga, 
1990), which could possibly explain this deviation from previous observations. Most 
studies exploring the relationship between exit velocity and performance have not had 
feed restrictions; thus, the relationships between EV and performance in a competitive 
setting remain unclear. Additionally, the results of our work, both the studies included 
here and Bruno (2015), indicate that most EV effects are mediated through intake as 
these effects are often associated with differences in DMI. The feed restrictions may 
have somewhat constrained this. In the Bruno (2015) study, however, EV effects were 
observed with a similar feeding management approach. However, that study used a high 
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forage, receiving diet (0.99 Mcal NEG/kg DM) whereas during the observation period in 
this study (first 14 d), animals were transitioning from a 1.10 to a 1.26 Mcal NEG/kg DM 
diet.  If, as much of the data suggest, EV effects are mediated primarily through 
differences in DMI, it is possible that those effects were masked in the present study by 
effects on DMI of a fluctuating ruminal environment associated with the dietary 
transition. 
As OCS has not been widely studied, it is unclear why it would have an effect while 
EV did not. A study in receiving cattle by Bruno (2015) also found that OCS affected 
growth when animals were fed below ad libitum with about 50% forage. Unlike this 
experiment, however, Bruno (2015) found that high OCS animals had higher gains than 
low OCS steers. 
Objective chute score had no effect on dominance scores whereas exit velocity 
was significantly related to both David’s score (DS) and the Average Dominance Index 
(ADI). Bruno (2015) found a significant OCS*EV interaction for ADI and for DS. In that 
study, dominance rankings were greater for slow exit velocity animals only when these 
animals were also characterized with high OCS values. In low OCS animals, the 
relationship between EV and dominance was reversed. As mentioned before, however, 
this and other differences with that study may be related to differences in diet. 
Additionally, we did not have knowledge of the background of the cattle in this study, 
which suggests that the reasons behind chute scores may be important. 
Dickson et al. (1970) found no correlation between temperament and dominance; 
however, Bouissou and Boissy (2001b) found that fearfulness appears to play a critical 
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role in the social hierarchy. Exit velocity is thought to be a measure of fear of people, 
with low EV indicating less fear (Petherick et al., 2009). If this is so, it makes sense that 
temperament would significantly relate to dominance. In fact, Bouissou (1978) found 
that cattle treated with testosterone, which has been shown to decrease fearfulness 
without affecting aggression (Boissy and Bouissou, 1994), consistently increased in rank, 
and, conversely, animals treated with estrogen decreased in rank (Bouissou, 1990). 
Additionally, testosterone and androgen treated cattle were less reactive to novel 
environments and objects (Boissy and Bouissou, 1994). Plusquellec et al. (2001) found 
that the less fearful a heifer was at 6 months, the more dominant she was at 30 months. 
This study also repeatedly found that, from measures recorded at 6 months, emotional 
reactivity, as measured by several tests, was the best predictor of future dominance 
compared to tests of docility and social motivation. 
Finally, to further connect the relationship between fearfulness and the social 
hierarchy, a study in rhesus monkeys found that fear conditioning could alter 
dominance status. In this study, researchers took pairs of monkeys, one dominant and 
one submissive. They conditioned a fear response in the dominant monkey by showing 
them the submissive monkey and then providing a shock daily for two weeks. After 
conditioning, the dominance relationships reversed in seven of the eight pairs (Murphy 
and Miller, 1956). This further solidifies the idea that fearfulness is related to an 
animal’s location in the social hierarchy. Thus, if EV truly is a measure of fearfulness, 
then it would seem to make sense that EV would be related to ranking within the social 
hierarchy. 
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Dominance rank had no impact on growth or final weight. Using two methods of 
ranking (ADI and David’s score), dominance showed no relationship with gain or final 
weight. Studies have found varying relationships between social hierarchy and growth. 
Partida et al. (2007) found that Friesian bulls with a high or medium social dominance 
index had significantly higher ADG; although, the final slaughter and carcass weights did 
not differ significantly. Additionally, bulls with lower ranks were found to eat and gain 
less, even though they had 24-hr access to feed. Changes in gain over different periods 
can also be associated with changes in rank at those times with animals that increased 
in rank being found to have a greater than average increase in weight at the same time 
(Broom and Leaver, 1978). 
On the other hand, as Grant and Albright (1995) noted, continuous access to food 
decreases the need for competition, but even when only one animal could access feed, 
as in the case of a study by Stricklin and Gonyou (1981), no effect of hierarchy on 
performance has been found. In the present study, the absence of a relationship 
between dominance rank and growth could also be related to the small number of 
animals per pen. More animals typically lead to more agonistic encounters and 
increased aggression (Kondo et al., 1989), which could allow for a more precise 
assessment of the dominance ranking of individuals, and thus a more powerful test of 
such relationships. 
CONCLUSION 
This study appears to show that EV affects dominance but that dominance does not 
affect performance. Of course, EV also had no relationship with performance in this 
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study. These results must be interpreted in light of the small number of steers per pen. 
Most feedlot cattle are kept in larger groups. Thus, it is not possible to extrapolate 
results from this study, with four animals per pen, to that of a feedlot setting. It is 
unclear why OCS affected growth while EV did not. Likewise, it is unclear why EV was 
related to dominance ranking while OCS was not. It is possible we observed this 
difference because OCS measures different traits and, whatever EV represents, it relates 
to dominance whereas OCS does not. Bouissou and Boissy (2001a) presented evidence 
that temperament, including emotional reactivity or fearfulness, plays a major role in 
the social hierarchy, but, as of yet, the relationship between measures of temperament 
and dominance ranking remain undefined. 
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Chapter 3 
INTERACTIONS BETWEEN TEMPERAMENT AND MONENSIN ON GROWTH 
PERFORMANCE OF FINISHING CATTLE 
INTRODUCTION 
Cattle producers are continually searching for ways to improve animal performance 
(growth, health, milk production, etc.). To this end, research into temperament has 
burgeoned as the link between temperament and performance solidifies. While the 
exact mechanisms by which temperament influences physiological responses continue 
to be investigated, there remains no doubt that temperament will play an increasing 
role in the cattle industry, particularly selection and breeding. 
Temperament is the expression of a combination of mental, physical, and emotional 
traits of an animal–their natural predisposition. Traditionally, calm animals are 
considered to have a “good” temperament whereas lively or excitable cattle have a 
“poor” temperament (Sebastian et al., 2011). Temperament can also be defined as the 
fear response of cattle to humans or to novel or unfamiliar environments. This fear can 
be considered a type of stressor, and those animals with poor temperament may 
experience this fear more frequently. Thus, these animals are in a more constant state 
of stress, and, as has been repeatedly shown by studies in various animal models, 
chronic stress has drastic repercussions for the animal (Burdick et al., 2011). 
There are several methods to measure temperament. The most common are chute 
scores (also known as crush score), pen score, and exit velocity, and these have been 
found to relate to different aspects of performance (Curley et al., 2006; Black et al., 
2013). Measures of temperament have been related to related to several measures of 
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performance, such as average daily gain (ADG), dry matter intake (DMI), and feed 
efficiency (also known as the gain:feed ratio [G:F]), and animals with a poor 
temperament tend to have some combination of the following: lowered final body 
weight, lower ADG, lower G:F, and lowered DMI (Francisco et al., 2015).  
Hepatic oxidation theory (HOT) posits that the energy status of the liver, particularly 
the generation of ATP and the oxidation rate of fuels, controls chemostatic feedback 
(Allen et al., 2009). Allen et al. (2009) suggested that increased propionate would 
suppress intake to a greater extent in stressed, as compared with non-stressed animals, 
due to its anaplerotic effects in the TCA cycle.  It is feasible that relationships between 
temperament and DMI are essentially stress-related responses (Burdick et al., 2011), 
and thus that ruminal propionate would have a greater intake depressive effect in more 
temperamental animals. Most feedlot cattle in the U.S. receive monensin, and one of 
the primary effects of monensin is to increase ruminal propionate concentrations 
(Dinius et al., 1976). Although monensin is known to have intake suppressive effects 
independent of its propionate enhancing role (McGuffey et al., 2001), this theory still 
suggests that intake depression consequent to monensin use would be greater in more 
temperamental animals, because of the propionate effect. 
To this end, we investigated the relationship between two measures of 
temperament, a standard measure, exit velocity (EV) and a fairly novel measure of 
temperament, objective chute score (OCS), and performance in finishing beef steers 
with a focus on whether these relationships were modified in the presence of dietary 
monensin.  
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MATERIALS AND METHODS 
Animals and Treatments. All procedures were approved by the University of Kentucky 
Institutional Animal Care and Use Committee. One hundred and sixty mixed breed beef 
steers (393 ± 37.8 kg) in 40 pens (4 steers/pen) were used in a randomized complete 
block design with a 2 x 2 x 2 factorial treatment structure, using initial weight as the 
blocking factor. Steers were purchased from central Kentucky livestock auctions by an 
order buyer and housed at the C. Oran Little Beef Research Unit in Woodford County, 
KY. Steers were comprised of several mixed breed B. taurus. 
Within 48 h of arrival, cattle were weighed, ear tagged for individual identification, 
and temperament measures were obtained for treatment assignment. Routine 
processing included: (1) ear tag placement for unique animal ID number (at arrival), (2) 
viral and bacterial vaccinations (Vista 5 L5 SQ, Merck Animal Health; Once PMH, Merck 
Animal Health; Somubac, Zoetis; Ultrachoice 7, Zoetis), (3) an injection of de-wormer 
(Dectomax, Zoetis), and (4) insertion of a growth-promoting implant (Intervet Revalor-S, 
Merck Animal Health). Cattle were reimmunized on d 14 with Ultrachoice® 7 and 
Somubac®. 
Two temperament measures were obtained on each animal: 2) objective chute 
score (Bruno, 2015) and 2) exit velocity (Burrow et al., 1988). Objective chute score 
(OCS) is a form of chute score in which the weight variation of the scale is used as a 
measure of animal movement, as described by Bruno (2015). Each animal’s weight was 
calculated as the average of weights measured at 200 ms intervals during the most 
stable two-second interval subsequent to squeeze being applied. Upon release from the 
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chute, flight time was measured over 1.68 m using an infrared sensor (FarmTek Inc., 
North Wylie, TX) and converted to exit velocity (m/s). 
Animals were assigned to treatments within weight blocks. Treatments included two 
levels of exit velocity (fast or slow), two levels of OCS (high or low), and two levels of 
monensin treatments (monensin-treated group or control) arranged in a 2 x 2 x 2 
factorial. Temperament treatments were established based on the exit velocity and OCS 
measured on each animal during its first exposure to the handling facility. Steers were 
assigned to pens such that each pen had four animals of like temperament treatment. 
The experimental unit was pen, consisting of 40 pens total and 10 pens per treatment. 
Because two of the treatment factors were inherent characteristics of the animals 
(as contrasted with exogenously applied treatments), the ability to divide the animals 
into these treatment groups depended on the independence of and the relationships of 
the distributions of the treatment variables. Thus, prior to developing an allotment 
strategy a comparison of the distributions of the treatment variables was performed as 
described by Bruno (2015) (See Figure 2-1). 
Steers were assigned randomly to pen and monensin treatment within weight 
blocks. Steers were housed in 2.44 by 14.63 m pens within a three-sided, concrete 
floored barn. Each pen had 2.44 linear meters of bunk along the fence. Pens were 
scraped clean and bedded with sawdust routinely. 
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Table 3-1 Finishing diet transition schedule 
Step % Concentrate NEg (Mcal/kg DM) Day 
1 35 1.10 1 
2 50 1.17 3 
3 65 1.26 10 
Final 90 1.39 18 
 
Dietary Treatments. All animals were transitioned over 18 days from a high forage diet 
to a high concentrate diet (Table 3-1). Diets were formulated to meet nutrient 
requirements for 1.9 kg/d gain. Each pen was fed a corn silage-based total mixed ration  
 (TMR; Table 3-2) with one of two monensin levels once daily at approximately 0700 h. 
Diets were prepared and adjusted daily to provide ad-libitum intake with minimal 
amounts of feed refusals. To this end, feed bunks were observed twice daily at 0700 and 
1500 h when the remaining amount of feed in the bunk of each pen was estimated. 
Ingredient dry matters were determined once weekly by drying samples for 24 hours in 
a forced air oven (100 ̊C, Model 1690, VWR Scientific Products, Corneilius, OR, USA) and 
rations were adjusted accordingly. Steers had free access to water; adjacent pens 
shared a water source.  
Once weekly, feed refusals were collected, weighed, recorded, and combined within 
treatments. Treatment composites were sub-sampled and dry matter was determined 
(duplicate 250-500 g samples dried at 100 C for 24 h or until constant weight) and 
recorded. Any feed refusals on the floor outside of the bunk were weighed, but not 
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included in the orts sample for DM determination.  
Table 3-2 Diet Composition 
Diet With Monensin 
Feedstuff % of Diet, DM-basis 
Cracked Corn 27.5%   
High Moisture Corn 27.5%   
Dried Distillers Grains 25.0%   
Corn Silage 10.0%   
Supplement 10.0%   
      – Tylan-40  0.40% 
      – Vitamin ADE Premix1  0.71% 
      – Urea  11.6% 
      – Trace Mineral Premix2  16.2% 
      –Limestone  62.2% 
      –Choice White Grease  8.18% 
      – Rumensin-90   0.69% 
Diet Without Monensin 
Feedstuff % of Diet, DM-basis 
Cracked Corn 27.5%   
High Moisture Corn 27.5%   
Dried Distillers Grains 25.0%   
Corn Silage 10.0%   
Supplement 10.0%   
      – Tylan-40  0.40% 
      – Vitamin ADE Premix1  0.71% 
      – Urea  11.72% 
      – Trace Mineral Premix2  16.31% 
      –Limestone  62.61% 
      –Choice White Grease   8.24% 
1 Trace mineralized salt provided 92.9% salt, 68 ppm Co, 1838  
ppm Cu, 120 ppm I, 9290 ppm Mn, 19 ppm Se, and 5520 ppm Zn.  
2Vitamin premix supplied 1820 IU/kg Vitamin A, 363 IU/kg Vitamin D, 
and 227 IU/kg Vitamin E. 
Statistical Analysis. A distribution analysis was conducted for each variable in JMP 10 
(SAS, Inc., Carey, NC, USA). No outlier data points were found using a criterion of greater 
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than 1.5 times the interquartile range below the first quartile, or above the third 
quartile.  Data were analyzed using pen as the experimental unit. All performance data 
(e.g. ADG, DMI, G:F) were analyzed using the GLM procedure of SAS (SAS, Inc., Carey, 
NC, USA). The model statement included the main effects of monensin, OCS, EV, and 
block as well as two- and three-way interactions between monensin, OCS, and EV. Main 
effects and interactions were considered significant at P < 0.10. 
RESULTS 
There were no three-way interactions between OCS, EV, and monensin (P > 0.19), 
nor any two-way interactions between EV and monensin (P > 0.13) or EV and OCS (P > 
0.10). 
Low OCS was associated with increased G:F during days 0-91 (P = 0.06). From days 
0 to 91, G:F was about 3% greater in low OCS as compared with high OCS animals. 
However, when viewed across the entirety of the study (which varied across blocks from 
days 91 to 119), the salient feature for G:F was an interaction between OCS and 
monensin (P = 0.02) in which monensin improved G:F in the high, but not in the low OCS 
group. 
High EV was negatively associated with ADG and intake (Table 3-3). Slow EV 
animals had higher intake (average 3.5% higher; P ≤ 0.06). They also had higher gains for 
a majority of the experiment (P ≤ 0.06).  Monensin decreased intake (P < 0.001). The 
cattle on monensin ate, on average, 7.1% less than the control animals. 
Monensin interacted with OCS to affect feed efficiency and ADG (Table 3-3). 
Monensin improved G:F from days 0 – end (P < .001) and 91 – end (P = 0.002) in the high 
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Table 3-4 P-values for Table 3-3 
Response Block OCS*EV*M OCS*EV OCS*Mon EV*Mon EV Mon OCS 
DMI, % BW 
Days 0 – 28 0.01 0.36 0.81 0.53 0.73 0.03 <0.01 0.91 
0 – 56 <0.01 0.63 0.87 0.80 0.77 0.01 <0.01 0.81 
0 – 91 <0.01 0.62 0.94 0.80 0.67 0.01 <0.01 0.71 
0 – End <0.01 0.62 1.00 0.73 0.65 0.03 <0.01 0.66 
28 – 56 0.01 0.88 0.92 0.89 0.75 0.01 <0.01 0.55 
56 – 91 <0.01 0.79 0.88 0.84 0.54 0.06 <0.01 0.44 
91 – End 0.06 0.19 0.10 0.53 0.72 0.69 <0.01 0.36 
Average Daily Gain (kg/d) 
Days 0 – 28 0.38 0.79 0.94 0.32 0.39 <0.01 0.58 0.25 
0 – 56 0.03 0.86 0.95 0.47 0.92 <0.01 0.19 0.43 
0 – 91 0.07 0.87 0.89 0.19 0.65 0.01 0.03 0.26 
0 – End 0.03 0.99 0.84 0.05 0.73 0.02 0.07 0.31 
28 – 56 0.03 0.60 0.94 0.81 0.41 0.06 0.14 0.92 
56 – 91 0.79 0.95 0.77 0.18 0.35 0.95 0.03 0.34 
91 – End 0.01 0.54 0.45 0.02 0.66 0.93 0.96 0.28 
G:F 
Days 0 – 28 0.08 0.97 0.74 0.45 0.39 0.02 0.35 0.32 
0 – 56 <0.01 0.56 0.58 0.49 0.54 0.18 0.15 0.25 
0 – 91 <0.01 0.60 0.51 0.18 0.96 0.51 0.03 0.06 
0 – End <0.01 0.73 0.45 0.02 0.85 0.44 <0.01 0.10 
28 – 56 <0.01 0.52 0.65 0.90 0.13 0.20 0.38 0.67 
56 – 91 0.32 1.00 0.97 0.47 0.65 0.02 0.30 0.25 
91 – End <0.01 0.99 0.75 0.02 0.75 0.37 0.03 0.62 
OCS, but not the low OCS groups. Combined with the depressed intakes associated with 
monensin, this resulted in decreased ADG in the absence of monensin in the low, but 
not the high OCS groups. 
Within individual periods, the G:F did not generally differ between control and 
monensin-treated animals when evaluated in their OCS groups. In fact, the only other 
significant interaction between OCS and monensin (P = 0.021) in G:F occurred from 91 d 
to the day of slaughter, which is also when animals were eating the least regardless of 
monensin treatment (2.0% and 1.9% of bodyweight for control and monensin treatment 
groups). During that time, the high OCS monensin group had a 21% higher G:F (P = 
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0.002) compared to the high OCS control. This difference must be interpreted 
cautiously, however, since, due to differences in slaughter date, this time frame 
represents a variable subset of animals. Moreover, the G:F did not differ (P  0.18) 
between the low OCS monensin, low OCS control, and high OCS monensin groups. 
DISCUSSION 
High EV was negatively associated with performance and intake. This is consistent 
with findings that animals with increased average EV have significant reductions in feed 
intake and eating time (Nkrumah et al., 2007; Cafe et al., 2011b) as well as tending to 
have a decreased G:F  (Cafe et al., 2011b). In fact, EV is typically negatively correlated 
with feed efficiency and average daily gain (Muller and von Keyserlingk, 2006; Black et 
al., 2013). In this study, however, both slow and fast EV animals had periods of superior 
feed efficiency. At the beginning of the feeding period (d 0 to 28), G:F was greater for 
the slow EV animals, whereas for days 56 to 91, fast EV animals exhibited greater 
efficiency such that EV was not related to G:F (P = 0.44) across the entirety of the study. 
Monensin interacted with OCS (OCS*Monensin) to affect feed efficiency and ADG. 
Use of monensin typically compensates for decreased intake by increasing the G:F ratio 
(Oliver, 1975; Perry et al., 1976; Potter et al., 1976). In this case, however, monensin 
supplementation only increased G:F for high OCS animals, which, without monensin, 
had a significantly lower G:F ratio (P ≤ 0.006) compared to the low OCS controls. With 
ADG, however, it was the low OCS control animals that had significantly higher gains (P ≤ 
0.05). This is most likely due to differences in intake. Control animals consumed 
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significantly more feed (P < .001), allowing their gains to either match or exceed the 
monensin-treated animals. 
Bruno (2015) also found a relationship between OCS, monensin, and performance, 
in which efficiency was improved with monensin in high, but not low OCS cattle. Unlike 
in this study, the high OCS monensin steers of the Bruno (2015) study gained more than 
low OCS monensin steers (P < 0.10) whereas the ADG for high OCS and low OCS control 
animals did not differ over the course of the experiment. Similarly, however, monensin 
only increased G:F for high OCS animals (P = 0.01); although, in that study, high OCS 
monensin animals actually had greater G:F when compared to low OCS monensin 
animals. This interaction was not predicted by our hypothesis, which would have 
anticipated an interaction between EV and monensin mediated through effects on DMI, 
as opposed to an interaction between monensin and OCS mediated through differential 
effects on G:F. 
Explanations for the relationship between monensin and OCS remain unclear. The 
effect could be due to changes in microbial activity. The main use of monensin is to 
improve performance in cattle by altering the rumen microbial community while 
decreasing intake. This ecological restructuring increases the proportion of propionate 
produced during fermentation while decreasing butyrate and acetate in a dose-
dependent manner (Potter et al., 1976; Richardson et al., 1976).  Thus, monensin 
generally improves feed efficiency whether on pasture or a high concentrate diet (Potter 
et al., 1976; Raun et al., 1976) by decreasing intake while allowing similar rates of gain 
(Oliver, 1975; Perry et al., 1976; Potter et al., 1976). 
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OCS may associate with the microbial community in concert with monensin in a way 
that affects G:F and ADG. The relationship between different measures of behavior and 
the microbiota has already been well established in mice in what is being termed the 
Gut-Brain Axis (GBA), a neurohumoral communication pathway connecting the 
gastrointestinal tract and the brain (Collins and Bercik, 2009).  The GI microbes 
communicate with the brain through the vagus nerve (Bravo et al., 2011) and the HPA 
axis (Bercik et al., 2011; Neufeld et al., 2011; Crumeyrolle-Arias et al., 2014). More 
specifically, studies have shown that alterations in the microbiota can affect 
neurochemicals such as brain-derived neurotrophic factor (BDNF) (Bercik et al., 2011; 
Neufeld et al., 2011), serotonin (Neufeld et al., 2011), GABA (Bravo et al., 2011), 
corticosterone (Bravo et al., 2011; Neufeld et al., 2011; Crumeyrolle-Arias et al., 2014), 
and others. Germ free mice have also been found to have significant social impairment 
including social avoidance behavior, which suggests that the gut microbiota may be 
crucial in behavioral development (Desbonnet et al., 2014). 
 The microbial aspect could also help explain the differences between studies from 
our laboratory. The Bruno (2015) study was performed in growing cattle whereas this 
study used finishing cattle. It has been well documented that younger animals have a 
significantly different microbial community compared with older animals (Bäckhed, 
2011; Ezenwa et al., 2012). More importantly, these two studies used very different 
diets, which would have a substantial influence on the gut microbiota. It has been well 
documented that diet is the most influential factor in determining the gut microbe 
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community, and differences in the percentage of concentrate versus forage have a large 
impact on the make-up of the microbiota.  
There are many possible explanations as to the meaning of OCS. The difficulty in 
interpreting OCS is that the scores could be attributed to several traits. It is possible that 
animals with a low OCS are frozen with fear; however, it is just as likely that they aren’t 
shaking the chute simply because they are not afraid. Likewise, a high OCS could 
indicate fear with a scared animal thrashing and trying to escape captivity, but it could 
also be a sign of aggression in which animals move a lot because they refuse to be 
contained. It might make more sense that OCS is a sign of aggression as EV is thought to 
be a measure of fearfulness, and the effects of OCS and EV are not comparable. 
If OCS were a sign of aggression, this might help to explain some of the results. 
Studies have shown that violent behavior is linked to serotonin deficiency as well as a 
disturbance of glucose metabolism (Roy et al., 1988; Young et al., 2008). Serotonin has a 
sedative effect, and, for this reason, tryptophan, its precursor, is often used to control 
aggressive behavior and inhibit the response to stress. This has been noted in several 
species from hamsters and dogs to humans, pigs, and even flies (Delville et al., 1996; 
Koopmans et al., 2006; Li et al., 2006; Dierick and Greenspan, 2007; Amat et al., 2013). 
In mice and humans, it has been found that a deficiency in serotonin could lead to 
greater stress responses (Grimsby et al., 1997; Bale, 2006), which have been shown to 
cause increased levels of gluconeogenesis (Barnett et al., 1983). 
Additionally, this would connect to the fact the OCS effect was observed in 
combination with monensin. Monensin use alters the gut microbiome (Schelling, 1984), 
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and about 95% of serotonin is produced in the gut. Additionally, the microbiota appears 
to exert control over host serotonin synthesis by both indirectly regulating tryptophan 
metabolism and directly affecting tryptophan availability (Gershon and Tack, 2007; 
O’Mahony et al., 2015).  
Research in humans has shown that, in addition to affecting mood, serotonin 
regulates bowel function and movements. Serotonin is a paracrine messenger and a 
neurotransmitter in the gut, and normal gut physiology depends on serotonin. This 
includes contractions, sensations of nausea and discomfort, gut motility, and gastric 
emptying (Gershon and Tack, 2007). This could also explain why OCS interacted with 
monensin to affect feed efficiency as we know that, for example, gut motility plays a 
large role in ruminant digestion and decreased serotonin leads to decreased motility.  
On the other hand, a strong inverse relationship between serotonin and food 
consumption has been observed in both humans and rats (Pollock and Rowland, 1981; 
Heisler et al., 2006). So, if the changes in serotonin are used as an explanation for the 
results of this study, then it still does not explain why no effect on intake was observed. 
Additionally, if decreased serotonin leads to increased gluconeogenesis, then this idea 
does not seem to agree with the results that animals with high OCS were the only ones 
that had an improvement in G:F in response to monensin. 
CONCLUSION 
In this study, exit velocity related with performance in a typical manner that has 
been seen in most studies using EV, with high EV animals showing decreases in gain and 
intake. More interestingly, it seems that OCS interacted with monensin to negate the 
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negative effects of high OCS on feed efficiency. Moreover, these results have been 
corroborated by the Bruno (2015) study; thus, they do not appear to be random chance 
but rather a relationship that requires further study. If this relationship is further 
verified, it could be suggested that low OCS animals should not be supplemented with 
monensin, as it seemed to have a negative impact on low OCS animals. Their intake 
decreased while G:F remained unchanged, causing significant decreases in gain.  
One way this study differs from other temperament studies is that animals were 
grouped by like temperament whereas this has not been the case in most other studies. 
Generally, instead, animals of different temperaments are mixed together, and then 
temperament effects have been determined using regression. An important finding here 
is that temperament effects persisted even when animals of like temperament 
treatment were housed together. This could be useful in production settings, as it would 
afford the opportunity to manage various temperament groups separately.  The OCS x 
monensin interaction, for example, suggests that monensin should only be used with 
high OCS animals. Moving forward, if temperament is going to play a part in 
management, It will be important to look at temperament’s effects when animals are 
sorted by like temperament.  
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CONCLUSIONS AND IMPLICATIONS 
 
In agreement with previous work, we found links between temperament and 
performance in finishing cattle. However, these results also suggest that the use of a 
single term, like “temperament” is a bit of a misnomer that could cloud, rather than 
clarify the study of the relationships between behavioral traits and growth performance. 
As these studies, and several other studies, have shown, different measures of 
temperament (EV, SCS, pen score, etc.) relate to different aspects of performance in 
differing ways. Additionally, they identify different traits, such as fear or aggression. 
Lumping all of these measurements into a blanket term such as “temperament” or 
averaging different measures of temperament to create a single temperament score is 
similar to using area to describe several different rectangles. While the rectangles can 
have the same area, there are many different height and width combinations that could 
result in the same area, not allowing for a proper description of the shapes’ dimensions. 
Likewise, it seems that researchers should focus on the connection between 
performance and independent measures of temperament rather than using 
temperament as an all-inclusive term. 
This is no more apparent than when comparing the OCS effects with those generally 
seen with SCS. As shown by the results of experiment 2 and that of Bruno (2015), OCS 
does not relate to performance in the ways typically seen with SCS. It is possible that 
SCS and OCS actually measure different traits. In theory, OCS should correlate to the 
same traits associated with SCS. Nevertheless, as has been shown here and by Bruno 
(2015), OCS does not appear to be the same as SCS. Unlike OCS, SCS, as a measurement 
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of temperament dependent on observers, is probably influenced by other factors, such 
as vocalizations and facial expressions. This can be advantageous, as observers can note 
subtle aspects of an animal’s behavior that cannot be assessed by movement alone. 
However, observer-dependent measurements also have disadvantages, such as 
problems with scorer bias and differences in training (Manteca and Deag, 1993). Still, 
SCS has been found to be a reliable and valid measure of temperament in many settings.  
The difficulty in interpreting OCS is that the scores could be attributed to several 
traits. It is possible that animals with a low OCS are frozen with fear; however, it is just 
as likely that they aren’t shaking the chute simply because they are not afraid. Likewise, 
a high OCS could indicate fear with a scared animal thrashing and trying to escape 
captivity, but it could also be a sign of aggression in which animals move a lot because 
they refuse to be contained. It might make more sense that OCS is a sign of aggression 
as EV is possibly a measure of fear, and the effects of OCS and EV are not comparable. 
Nevertheless, what seems to be clear is that different tests measure different 
aspects and, when measuring the same aspect, are not always equally as effective (Van 
Reenen et al., 2004). Avoidance distance measures responsiveness (fear) to humans 
(Kilgour et al., 2006; Windschnurer et al., 2009). Both the forced and voluntary approach 
tests are measures of fear. The forced approach test (human approaches the animal), 
however, would probably increase the likelihood that an animal will respond more 
actively to the human whereas in the voluntary approach test (animal approaches the 
human), the chances of getting no response or a passive response would probably be 
higher. (Forkman et al., 2007). The restraint test, the open-field test, the following test 
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and flight time seem to be a measure of agitation (Kilgour et al., 2006). Given this, it 
seems that the tendency found in many studies to average or lump all tests together 
may not be appropriate as these tests are assessing different underlying mental  states.  
This is also notable when evaluating the results from experiment 1. In that study, in 
the absence of monensin, OCS affected growth while EV did not, but, in the study from 
experiment 2, OCS only had an effect when analyzed in relation with monens in. As OCS 
is still a fairly novel measure of temperament, few studies have been performed and 
there is a dearth of information, leaving many unanswered questions and several 
avenues of investigation. Another topic ripe for exploration is the relationship between 
OCS and monensin, which was also noted in both this and the (Bruno, 2015) study. 
However, as before, few studies have explored the relationship between monensin and 
measures of temperament. So, as seems to be the way with science, this study seems to 
raise more questions than it answers.  
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